The main aim of this paper is to design the heliostat field layout of solar thermal generation for a concentrated solar tower power plant, based on the central power tower technology. In this design, the radial staggered pattern is proposed to reduce shadowing and blocking losses. The radial stagger arrangement is the most efficient for a given land area as it cuts down the land usage and atmospheric attenuation losses. By using this pattern, the heliostat can be placed with higher optical efficiency as well as a faster speed due to the fact that each heliostat could move freely and the heliostats standing between two heliostats of the first ring reduce the shadowing and blocking. The field layout consists of 650 heliostats around a 62m tall tower and each heliostat has a 121m2 reflecting area. The power plant is designed to produce an output of 30MWth thermal power with the molten salt storage system. The optical efficiency is calculated by the product of the mirror reflectivity, the atmospheric attenuation efficiency, the shadowing and blocking efficiency and the cosine efficiency. The available separation distance of attenuation efficiency is evaluated the optical efficiency. The separation distance of the attenuation efficiency is less; the optical efficiency of the field layout is more. The separation distance of the attenuation efficiency is increased; the heliostat field area of the layout is also increased. By varying the separation distance between the heliostats is achieved the optical efficiency and the heliostat field area for under different conditions. The input data are assigned in MATLAB for testing this proposed method.
INTRODUCTION
Concentrated solar power (CSP) technologies are relied upon to lead the power generation in the future in many countries. Among CSP technologies, central receiver system (CRS) or central power tower is an alluring method to accomplish immensely enormous power and high concentration of solar irradiance for electricity generation or thermal processes. Central receiver system consists of a high sun -tracking mirror number which concentrates solar radiation at a focal point located on the top of a high tower. The heliostat field is the focal subsystem in the solar tower power plant; it contributes about half to the all-out cost and causes about 47% of the annual energy losses. The performance of the heliostat field is characterized in terms of the optical efficiency which is the proportion of the net power consumed by the receiver to the power incident normally on the field. The optical losses from the heliostat field consider into account the losses, such as cosine, shadowing and blocking, because of the field layout design. Most of the heliostat field is designed in radial staggered pattern. This course of action guarantees that no heliostat is transferred before another heliostat in adjacent rings because reflected beam from the heliostats can pass legitimately to the receiver between adjacent neighbors [1] .
DESIGN PROCEDURE OF HELIOSTAT FIELD LAYOUT
The performance of heliostat field characterized as far as the optical efficiency. Most heliostat field layout plans take a radial stagger pattern example as per the way that each heliostat can move unreservedly and the heliostats remaining between two heliostats of the front ring lessen the blocking. Most ways to deal with improve the layout structure of the heliostat field depend on the radial stagger concept. In this subsection, the method to send a radial staggered heliostat field and to calculate different parameters, for example, the characteristic diameter, radial spacing, azimuthal spacing, number of rows and number of heliostats are displayed. The variables used to define the heliostat are illustrated in Fig. 1 [3].
Fig. 1 Fundamental definitions in the heliostat field [4]

The Characteristic Diameter
The characteristic diameter is the distance between the center of the adjacent heliostats, and it very well may be determined with the following equation [4]:
where DM is the characteristic diameter of the heliostat in m, l w and l h are the width and height of the heliostat in m, and desp is any additional separation distance between adjacent heliostats.
The Radial and Azimuth Spacing
The minimum radius of the heliostats ought to guarantee that adjacent heliostats do not occur mechanical collisions, and is given as [5]: ∆R min = DM × cos 30˚
(2)
In light of the quantity of heliostats in each row of the first zone, radial distance from the tower to the first row of the heliostats (R 1 ) can be determined as follows:
where Nhel 1 is the number of heliostats within each row of the first zone. The azimuth angular spacing for the first zone of the heliostat field can be determined by [5]: where ∆az 1 is the azimuth angular spacing for the first zone in rad.
Because of the radially staggered configuration, the distance between two neighboring mirrors (length in meters) relies upon their radial distance from the tower. Thusly, as the rows escape from the tower, the space between their heliostats increments. Eventually, spaces between the mirrors become more noteworthy than DM making it conceivable to put extra mirrors between two connecting mirror in a similar row. A zone is viewed as finished as the possibility of the expansion of extra mirrors inside its last row. Consequently, the azimuth angular spacing for the i th zone can be resolved by [5]:
where ∆az i is the azimuth angular spacing for the i th zone in rad.
The radial distance from the tower to the first row of the i th zone is determined with the end goal that [6]:
where R i is the radius of the first row for the i th zone in m. Utilizing Equations 2 through 6, the radial and azimuth angular spacing for various zones from the tower can be determined.
Number of Rows and Heliostats
The number of rows for the i th zone is determined by [6]:
where Nrow i is the number of rows of heliostats for i th zone of the field. The number of heliostats for each row within the i th zone is determined as [6]:
where Nhel i is the number of heliostats in each row within the i th zone.
CALCULATION OF THE OPTICAL EFFICIENCY
The optical efficiency, η opt measures the energy loss of the heliostat field. In general, the optical efficiency of the heliostat field layout is calculated by [6]: η opt = η at × η ref × η s&b × η cos (9) where η at is atmospheric attenuation efficiency, η ref is mirror reflectivity, η s&b is shadowing and blocking efficiency and η cos is cosine efficiency. Among them, the value of mirror reflectivity depending on the heliostat reflective rate can be set to a constant (η ref = 0.88 is embraced here), the others are impacted by the heliostat field setup, the height of the receiver or different components related. .Therefore, four sorts of efficiency with the exception of η ref need to be computed to decide the optical efficiency.
The Atmospheric Attenuation Efficiency, η at
The impact that a portion of the energy of the reflected rays are dispersed and consumed by the atmosphere is referred as atmospheric attenuation loss. The atmospheric transmission efficiency emphatically relies upon the climate condition and the distance between the heliostat and the receiver. For a visual distance of about 40 km, the atmospheric transmission efficiency can be determined basically as an element of the distance between the heliostat and the receiver in meters as follow [7] . 
The Shadowing and Blocking Efficiency
Shadowing happens when a shadow is thrown by a heliostat onto a neighboring heliostat. Accordingly, all the incident solar flux doesn"t arrive at the reflector. Blocking losses happen when a heliostat"s reflected flux is obstructed by a heliostat in the foreground. The point-by-point, time subordinate calculations of shadowing and blocking require complex methodology including intricate ray tracing of individual heliostats. (η s&b = 0.944 is received here). Therefore, typical yearly average is utilized. Annual average shadowing and blocking loss is about 5.6% [7].
The Cosine Efficiency
The most significant loss in the heliostat field is because of the angle between the incident solar beam radiation, and a vector ordinary to the outside of the heliostat which is known as the cosine impact. In this way, it relies upon both sun and heliostat positions.
A. Solar position
The solar position is significant in light of the fact that the sun is changing hourly during a day and every day during the year, so it is important to show the solar coordinate systems during the year through solar angles.
The solar declination is calculated by [8]:
where N is the number of days during the year starting from the 1 st of January.
The solar hour angle (h s ) is calculated using the following equation [8] .
where AST is the apparent solar time and is calculated by:
Where LST is the local standard time, SL is the standard longitude, LL is the local longitude and ET is the equation of time.
Equation of the time is calculated by: The solar altitude angle of the tower receiver for each heliostat (α tr ) which is defined by the tower height (H t ), the height of each heliostat (H h ) and the distance of each heliostat from the tower base (R) is calculated and illustrated in Fig. 2 [10] .
Fig. 2 Solar altitude angle of tower receiver [10]
For calculating the distance of each heliostat from the tower receiver (d), the Pythagorean Theorem is used.
In order to reflect the incident radiation on each heliostat and direct it to the tower receiver, the rotation angle of them is calculated by [9]: Substituting equations (12) through (28), the cosine efficiency can be calculated. The overall cosine efficiency of the heliostat field layout is 0.9006.
Receiver Sizing and Tower Height Design
Receiver sizing is done in light of the reasonable flux on the receiver. The allowable flux on the receiver relies on the receiver material and the type of HTF. Generally, the allowable peak flux for molten salt receivers built with Stainless steel material is 0.83MW/m 2 and one-half to one-third of the peak flux is selected as an average flux [11] . There are two basic types of receivers: external and cavity. In case of external receivers, the output geometry design includes diameter and height of the receiver. In order to design the outer geometry, the parameter receiver aspect ratio, AR (height, H rec to diameter, D rec ratio) is introduced. Generally, for an external receiver, the aspect ratio lies between 1 to 2. In this model, the default value of receiver aspect ratio is set as 1.5. The area of the receiver A rec can be derived as: The factor, /2 used to take into account curvature of the tubes in the receiver. The above equation can be reformulated regarding the receiver aspect ratio and the geometry can be calculated as: 
Design Management of Field Layout
The coordinates of the chose location for this plant are 21.959 (latitude) and 96.089 (longitude), which is a city called Mandalay, Myanmar. The procedures are as follows:
1. The height and width of the heliostat is identified and then the tower height and the characteristic diameter of the heliostat with various separation distances are calculated. 2. The number of heliostats in each row of the first zone is adopted and the number of heliostats in each row of the i th zone is computed by using equation 2 through 8. 3. Depend on the distance between the heliostat and receiver, the attenuation efficiency is calculated in equation 10 &11. 4. The cosine efficiency depend on both sun and heliostat position. The solar declination angle, the azimuth angle and zenith angle are calculated. 5. The optical efficiency of heliostat field layout is evaluated by using equation 9.
RESULTS
The layout contains three zones and each zone is distinguished with different color in Fig.3 . The first row contains 19 heliostats. The field density lessens with each zone by moving outward away from the center of the field (tower). The first zone consists of 57 heliostats spread equally in 3 rows. The second zone includes 228 heliostats distributed equally within 6 rows. Finally, the third zone contains 380 heliostats distributed equally within 5 rows. In total, this design field layout contains 14 rows and 665 heliostats around a 62m tall tower and each heliostat has a 121m 2 reflecting area. The radial staggered pattern of the heliostat field layout for desp=0.2 is shown in Fig.3 and the attenuation efficiency for desp=0.2 is described in Table 1 . For desp=1, the radial staggered pattern of the heliostat field layout is illustrated in Fig.4 and results of related values for layout is described in Table 2 . For desp=5, the layout of radial staggered pattern for heliostat field is shown in Fig. 5 and related values are tabulated in Table 3 . The separation distance of attenuation efficiency is less; the optical efficiency of the field layout is more. The optical efficiency and attenuation efficiency in the heliostat field layout with various separation distances at 9 a.m, 1p.m and 5 p.m are shown in Table 4 . Among them, the optical efficiency of the heliostat field layout at 1 p.m is higher than other times. The optical efficiency with various separation distance at 9 a.m, 1 p.m and 5 p.m is illustrated in Fig.6 . The separation distance between each ring is increased, the optical efficiency of the field layout is decreased. 
International
CONCLUSIONS
In order to calculate the optical efficiency of a solar power plant, a radial stagger pattern for the heliostat field layout was proposed in this paper. By using this pattern, the heliostat can be placed with a higher optical efficiency as well as a faster speed due to the way that each heliostat could move openly and the heliostats remaining between two heliostats of the first ring decrease the shadowing and blocking. A mathematical code was created in MATLAB, which generates a heliostat field effectively to calculate optical efficiency. According to the result of layout design, the separation distance of the attenuation efficiency is less; the optical efficiency of the field layout is more. The separation distance of the attenuation efficiency is increased; the heliostat field area of the layout is also increased.
